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APPLYING THE FACENET ALGORITHM TO DEVELOP FACE RECOGNITION SYSTEM
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Tém tit - Nhan dang khudn mat 13 mot bai toan pho bién dang dt
ra hién nay. Tén tai nhiéu phuong phdp va huéng tiép can déi voi
bai toan nhan dang khuon mat: T1ep cén theo ddc trung toan cuc (str
dung cac dac diém toan cuc cia khuén mat) va tiép can theo dac
trung cuc b (su dung cac dac diém cuc bd ctia khudn mat). Tuy
nhién hiéu qua ciia cac phuong phap nhan dang nay van con han
ché va dg chinh xdc chua cao khi dit liéu dau vao bi anh huong boi
céc yéu t6 khach quan ctia méi trudng (d0 sang, hudéng nghiéng,
kich thude, ...). Do d6, nhom tic gia dé xuit xay dung hé théng
nhan dang khuon mat dua trén thuat toan FaceNet va stir dung Multi-
task Cascaded Convolutional Networks phat hién va xac dinh
khudn mat cho phép nang cao hiéu qua nhan dang.

Tur khéa - Nhan dang khuon mat; phat hién khuén mat; thuét toan
FaceNet; Multi-task Cascaded Convolutional Networks (MTCNN)

1. Pit van dé

Cung voi sy phat trién cua xa hoi, van d& an ninh bao
mat 12 mot didu tat yéu hién nay. Cac hé théng nhén dang
con ngudi dugce ra doi véi do tin cay ngay cang cao. Co thé
ké dén nhu nhan dang hinh dang, nhan dang giong noi,
nhan dang khudn mit,... Trong d6, phd bién va duogc tng
dung nhiéu hon ca 13 bai toan nhin dang khuon mat.

Hién nay, ton tai mot sé hudng tiép can ddi voi bai toan
nhan dang khudn mat: Tiép can theo dic trung toan cuc va
tiép can theo dac trung cuc bo.

Dbi voi phuong phap tiép can theo hudng toan cuc thi
cac dac trung chung cua khuén mat s€ duoc st dung dé
nhan dang nhu: Mau sic, hinh dang, cac nét chinh cia
khu6n mit... Phuong phap duogc st dung phd bién trong
hudng tiép can nay 1a Eigengaces-PCA va Fisherfaces.

Phuong phap Eigenfaces st dung phép phén tich thanh
phan (Principal Components Analysis — PCA) cho phép
giam s chiéu dit liéu. V&i phuong phap nay, sau qué trinh
chuin hod, cac dic trung toan cuc cia khudn mit s& duogc
biéu dién thanh cac véc-to riéng. T4p hop cac véc-to nay
tao thanh khong gian méi véi s6 chiéu dit liéu giam xudng
ma cac dac trung quan trong ciia khudén mat van duoc gitr
lai trong qua trinh nhén dang. Trong khdng gian véc-to nay,
mdi véc-to duoc goi 1a Eigenfaces. Do PCA 1a thuat toan
hoc khéng c6 giam sat nén c6 han ché trong trudng hop tap
dit liéu huan luyén c6 nhiéu hon mot mau cho mdi 16p.

Phuong phép Fisherfaces la phuong phap phan tich
tuyén tinh khac biét (Linear Discriminant Analysis —
LDA) da dugc sir dung nham khai thac tot hon cac thong
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tin vé 16p noi trén [2]. LDA cho phép nhan dién khudn
mat dua trén mot pheép chiéu tuyén tinh tir khong gian
hinh anh vao mét chiéu khong gian thap hon bang cach
t6i da gitra cac 16p tan xa va giam thiéu phén tan trong
16p. C6 thé thay rang, phuong phap LDA ép dung cac tleu
chuan phan biét tuyén tinh cho phép t6i da héa ty 1& yéu
td quyét dinh cua 16p gitra ma trin tan xa cua céac 16p do
d6 cho phép khéc phuc nhirng nhuoc diém cia phuong
phép Eigengaces-PCA.

Huong tiép can nhan dang dva trén céac dac trung cuc
bd ctiia khuon mat nhu: Cac chi tiét nhu mét, mii, 16ng
may, diém anh, ... Hudng tiép cdn nay st dung hai
phuong phap phd bién 1a phwong phap 14y mau nhi phan
cuc bo (Local Binary Pattern — LBP) va phuong phép bién
d6i song nho Gabor (Gabor wavelets) [3]. Trong LBP,
burc anh s& dugc chia thanh cac ving bang nhau, tai mdi
ving nay c6 thé tinh dugc 1 LBP histogram va dua vao
d6 xac dinh dugc thong tin vé vi tri mat, mii, miéng trén
khuén mat. Cac thong tin nay ap dung trong so lén
histogram cia cac vung chtra cac dédc trung quan trong
cho phép phan biét gitra cac khuén méat. Vi phuong phap
Gabor wavelets thi ditr liéu duge chia thanh cac thanh
phan véi tan s6 khac nhau va xem xét ting thanh phan véi
do6 phén giai thich hop [4]. V&i phuong phap nay cic anh
khudn mat s€ dugc trich chon dac trung dya vao bién dbi
Gabor wavelet. Mot tip cac tan sé va hudng cua cac diém
dac trung xac dinh boi mang wavelet s€ 1a thong tin dac
trung dé biéu dién anh.

Tuy nhién, viéc xay dung hé théng nhan dang khuén
mit v6i higu sudt va do chinh xac cao 1a mot thach thire rat
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16n vi nhing yéu t6 khach quan nhu méi truong, anh séng,
d6 nghiéng ctua khuon mat, do tudi, cam xuc hay nhu viéc
bi che khuat. Vi véy, viéc xdy dung mot hé thdng nhan
dang khudn mat hoat dong tdt du khuon mat bi che lép mot
phin hay bi anh huéng bai cac yéu td cia méi truong xung
quanh 13 can thiét.

Do d6, nhom tac gia dé xudt sir dung thuat toan FaceNet
dé nhan dang khuon mit va tmg dung Multi-task Cascaded
Convolutional Networks (MTCNN) ddi véi viéc phat hién
khudn mat trong burc anh.

2. Ung dung thuit toan FaceNet trong nhin dang
khudén mat

2.1. Tong quan bai todn nhin dang khuén mdt

Nhén dang khudn mét ngudi la mot chu dé nghién ciru
thudc linh vyc thi gidc may dugc phat trién tir nhung nam
90 cua thé ky trude. Hién nay, linh vuc nhin dang dugc
déy manh phat trién va nhan duoc su quan tdm cua nhiéu
nha nghién ctru tir nhiéu linh vy nghién ctru khac nhau dic
biét 12 nhan dang khudn mat.
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Hinh 1. M6 hinh chung ciia bai toan nhdn dang khuén mdat

Bai toan nhan dang khu6n mat huéng tiép cén cing
twong tu nhu hé thong thi gidc cua con ngudi khi cin nhan
dang ,mQt ai do khi nhin vao 1 btrc anh. Hoat dong cu,a
hé thong nhan dang khudn mat c6 dugc trién khai chi tiét
nhu sau:

- Budc 1: Phat hién va xac dinh khuén mat trong burc anh.

- Budc 2: Chuén hoa va trich chon dic trung khuén mat
da duogc phat hién trong budce 1.

- Budc 3: Tién hanh so s;'mh va nhan daqg cac dac trung
60 budce 2 voi tap dir liéu huan luyén da c6 d€ dua ra két qua
két luan nhan dang.

2.2. Str dung MTCNN phdt hién khuon mdt

Vén dé dau tién cua nhan dang khuén mat 13 phai phét
hién va xac dinh duoc vi tri }(hu(}n mat trong birc anh. Trong
bai bao nay nhom tac gia dé xuat sir dung MTCNN dé phat
hién va xac dinh khudén mat ngudi trong birc anh [5].

Hinh 2. So'd6 hoat déng ciia MTCNN [5]

Vé mit cdu trac MTCNN bao gém 3 mang CNN
(Convolutional Neural Networks) xép chong va dong thoi
hoat dong khi phat hién va xac dinh khuon mat. Mdi mang
CNN trong MTCNN ¢6 cau tric va vai trd khac nhau trong
viéc phat hién khudn mit. Két qua dir liéu du ra cua

MTCNN la véc-to dic trung biéu dién cho vi tri khuén mat
dugc xac dinh trong birc anh (mét, miii, miéng, ...)

MTCNN hoat dong theo 3 budc voi 3 mang no-ron
riéng cho mdi bude (P-Net, R-Net va O-Net). Khi sir dung,
MTCNN s& cho phép tao ra nhiéu ban sao ctia hinh anh dau
Va0, véi céc kich thudce khac nhau dé lam dit ligu dau vao.

Tang 1: St dung mang CNN, goi 1a Mang d& xuét
(P-Net), dé thu duoc céc cira s6 chira khudn mit va cac
vecto hdi quy trong céc cira sd do. Tiép theo, cac cira sb
chira khuon mat duoc hiéu chuin dua trén cac vector hoi
quy. Cudi cing, nhimg ctra s6 xép chdng nhau tai mot viing
duogc hop nhat thanh mét cira s6. Két qua dau ra 1a cac cira
s6 c6 thé chira khudn mit.
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Hinh 3. Mang dé xudt (P-Net) 51
Mang P-Net sir dung kién trac CNN gdém 3 16p tich
chap va 1 16p co. Pau vao cira s6 truot voi kich thudc
12x12x3 (véi 3 tuong Gng v6i 3 mau: o, xanh luc, xanh
lam trong hé mau RGB thong thuong). Két qua ctia P-Net
gdm 3 cum nhu sau:

- Cum thtr nhét c6 2 bd loc kich thude 1x1 nhan dang
khudn mat;

- Cum thtr hai c6 4 b0 loc kich thuée 1x1 dong khung
4 vi tri hop gidi han;

- Cum thir ba ¢6 10 bd loc kich thude 1x1 dong khung
10 vi tri khuoén mat.

Tang 2: Tét ca cac cua sO chira khuon mat tir ting 1 s&
dugc sang loc bang cach dua vao mot CNN khac goi 1a
Mang loc (R-Net) d€ tiép tuc loai bo mot s6 lugng 16n cac
cfraqsé khong Chl:I’? khudén mat. Sau do, thqc hién hiéu
chuan véi véc-to hdi quy va thuc hién hop nhat cac cira s6
x€p chong nhau tai mdt vung.
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Hinh 4. Mang loc (R-Net) [5]

Trong budc R-Net sir dung kién trac CNN gdm: 3 16p
tich chap, 2 16p co va 1 16p két ndi day du. Pau vao cira s6
truot voi kich thude 24x24x3 (3 twong ung vai 3 mau: Do,
xanh lyc, xanh lam trong hé mau RGB thong thudng). Két
qua cia R-Net phan dugc 3 cum:

- Cum th{ nhit ¢6 2 16p nhan dang khuon mat;
- Cum thir hai c6 4 16p danh déu vi tri hop gi6i han;
- Cum thtr ba ¢6 10 16p vi tri khuén mat.
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Téang 3: Tang nay tuong ty nhu ting 2, sir dung CNN
chi tiét nhat dugc goi 1a Mang dau ra (O-Net) dé loc két
qua mot lan nita va danh du vi tri nim diém chinh trén
khuon mat.
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Hinh 5. Mang déu ra (O-Net) [5]

Mang O-Net str dung CNN goém: 4 16p tich chap, 2 16p
co, 1 16p két ndi day du. Dau vao cira sO truot co kich thudc
48x48x3 (trong d6 sb 3 twong tmg vdi 3 mau: Do, xanh luc,
xanh lam trong hé mau RGB théng thuong). Két qua cua
O-Net phan dugc 3 cum:

Conv: 3x3 Conv:2x2 full;.

- Cum th{r nhit c6 2 16p nhan dang khudn mat;

- Cum thtr hai ¢6 4 16p danh du vi tri hop gidi han;

- Cum thtr ba ¢6 10 16p vi tri khudn mat.

Ung dung MTCNN dé phat hién khudén mit cho phép
xac dinh khuén mat trong buc anh tét hon so véi cac
phuong phap khac.

2.3. Thudt toan FaceNet nhdn dang khuon mdt

Céc thuat toan nhan dang khudn mat trude day chu yéu
biéu dién khudén mit bang mot véc-to dic trung va thdng
qua mot 16p bottleneck dé giam sé chidu dir liéu. Tuy
nhién, s6 chiéu dir liéu cua véc-to ddc trung thuong tuong
d6i 16n nén sé& 1am cho tdc do nhan dang giam xuong. Vi
véy, thuat toan PCA thuong dugce ap dung dé giam s6 chiéu
dir liéu cua véc-to dac trung va tang tbc d6 nhan dang.
Pong thoi, trong cac phuong phap nhan dang thi ham loss
function thuong chi xac dinh khoang céach gitra 2 birc anh
(dai lvong mo ta su giéng nhau cta hai birc anh). Nhu vy,
xuét hién van d& 1a trong mot 1an huén luyén chi c6 thé hoc
dugce mot két qua: Hodc 1a giéng nhau néu hai btc anh cing
thudc vé mot 16p, hodc 1a khac nhau néu hai brc anh thudc
vé hai 16p riéng.

FaceNet 1a mot thuat toan hd trg cho viéc nhan dang va
phan cum khuén mit cho phép giai quyét cac han ché néu
trén [6]. FaceNet sir dung mot mang CNN va cho phép
giam so chiéu dit liéu ctia véc-to dic trung (thuong sir dung
1a 128 chiéu). Do d6, cho phép ting toc d6 huén luyén va
xtr Iy ma do chinh x4c van duoc dam bao. DPdi vé6i thuat
toan FaceNet, ham loss function sir dung ham ftriplet loss
cho phép khic phuc han ché ciia cac phuong phap nhan
dang truéc day, qua trinh huin luyén cho phép hoc dugc
dong thoi: Sy giéng nhau giita hai birc anh (néu hai buc
anh clng mot 16p) va sy khac nhau giita hai birc anh (néu
chdng khéng cung mét 16p).

FaceNet chinh 1a mot dang siam network thuong biéu
dién véc-to dic trung clia cac birc anh trong mot khong gian
Euclidean n chiéu (thuong 1a 128 chiéu). Viéc biéu dién
thuong tuan theo quy tac: Néu khoang cach giira cac véc-
to embedding cang nho, thi mirc do twong dong giira chiing
cang 16n va nguoc lai. Tap hop véc-to ndy sé 1a dir liéu dau
vao cho ham loss function dé danh gia chi sé khoang cach
gitta cac véc-to.

FaceNet sir dung CNN béang cach dung ham f(x) va

nhing hinh anh x vao khong gian Euclidean d chiéu sao
cho khoang cach gilra cac hinh anh cua 1 nguoi khong
phu thudc vao diéu kién bén ngoai, khoang cach gitra cac
khuon mat giong nhau (cia cung mét ngudi la nho) trong
khi khoang céach gilta cac anh khac nhau s€ c6 khoang
cach 16n.

Ham f(x) € RY c6 chirc ning biéu dién anh x vao khong
gian Euclidean d chicu. Tai ddy, s€ 6 3 buc anh la: Anchor
(anh gdc), Positive (anh gan gidng voi anh goc) va
Negative (anh khac véi anh gbc). Sau khi biéu dién vao
khong gian Euclide thi twong timg v6i 3 buc anh trén la X,
Xp va X,. D€ nhan dang tot thi khoang cach tir X, toi X, s&
phai nho hon khoang cach tir X, t61 X!

d(Xa, Xp) < d(Xay Xﬂ)

Do d6, dan dén biéu thirc 1 (vi g 1a gia tri bién):

2 2
lIf(Xa) — fXp)II;, + 8 < [If(Xa) — fXn)[[, (1)

Luc d6 ham triplet loss sé ¢6 dang nhu sau:

2
L(Xa,Xp, Xn) = X [|f(Xa) — fXp)I|;, — [If(Xa) —

IS +g @
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Hinh 6. Minh hoa bé ba sai sé

Khi huan luyén m hinh siam network véi triplet loss can
phai xac dinh truge cdp anh (Xa, Xp) thuge v€ cung mot
nguoi. Anh X, 1a 4anh L khac voi anh goc ciia nguoi do thuong
s& duoc lya chon ngau nhién tir cac birc anh thude cac 16p
con lai. Do do, tap hop anh X, thuong duoc thu thap nhiéu
hon 1 birc anh/1 nguoi dé c6 thé chuan bi dugc tap dir lidu
huén luyén. Néu 1 nguoi chi ¢6 1 anh thi ¢6 thé dira nhimng
tap dit liéu nhu vy lam bd anh X, khi huén luyén.

Nhu di néu trén c6 thé thiy, khi st dung triplet loss
vao cac md hinh CNN c¢6 thé tao ra cac véc-to didc trung
t6t nhat cho mdi mot birc anh. Cac véc-to dic trung nay
s& cho phép phan biét r6 cac dnh Negative (anh khic voi
anh gbc) rat gidng anh Positive (anh gan giéng vdi anh
gbc). Hon nita, khoang céach gilra cac buc anh thude cung
mot 16p s& trd nén gan nhau hon trong khong gian chiéu
Euclidean.

Tuy vay, viéc st dung bd ba nhu trén s& khién cho qua
trinh hoi tu chdm. Do d6, can chon b ba thich hop trong
qué trinh huén luyén dé cai thién duoc hiéu suit va do chinh
X&c cia mo hinh.

Pé khic phuc dugc viée hoi tu cham, thuong s€ chon
bd ba sai sé sao cho khoang céach gilra anh géc va anh gin
v6i anh gdc (anh cta cung 1 ngu(n) 1a 16n nhat va khoang
cach giita anh gdc va anh ciia nguoi khac 1a gin nhat:
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— F06,)112)
— X1

Viéc chon hinh anh nhu trén c¢6 thé xay ra trudong hop

16Xa) = FCXIIS > 116K = ECI12 ()

Luc nay ta s& hudn luyén lam sao cho biéu thtc (3) tré
vé biéu thirc (2). Viéc huan luyén s& gitip khoang cach gitra
hai anh ctia cing 1 ngudi 1a nho nhat va nguogc lai anh cta
2 nguoi s& co khoang cach 1a 16n nhat.

argmax(||f(Xy)

argmax(||f(X,)
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Hinh 7. Minh hoa vé qud trinh sau hudn luyén [6]

Viéc lya chon bo ba sai sb s& anh huong dén hiéu qua
ctia mo hinh, néu gia tri bo ba sai s6 duoc xac dinh tot thi
qué trinh hoi ty khi huan luyén s& nhanh hon va két qua s&
cho d6 chinh xac cao hon. Viéc lya chon ngau nhién bo ba
sai s6 co thé dan t6i mo hinh huan luyén khong thé hoi tu.

3. Xy dung h¢ théng va trién khai danh gia
3.1. Xdy dung hé théng nhin dang khuén mdt

Nhom tac gia tién hanh xay dung hé thong nhan dang
trén co s& tng dung MTCCN va FaceNet sir dung mang
no-ron tich chép va thuat todn softmax.

Hé¢ théng gom 02 phén quyén chinh la Quan tri vién va
Nguoi dung. Phian quyén Ngudi dung co thé thuc hién cac
chirc nang: Pang nhap, quéan Iy tap hinh anh huén luyén, hun
luyén m6 hinh nhén dang va nhén dang khu6n mat (nhén dang
thong qua hinh anh hodc nhén dang tryc tiép: St dung
camera). Phan quyén quan tri thira ké tir phan quyén nguoi
dung va c6 thém chuc nang quan 1y tai khoan ngudi dung.

Chtre nang hé thng duoc mé ta thong qua biéu dd sau:

Hg théng nhan dign khudn mt
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Nhin dién qua dnk Nhiin dién qua video

Hinh 8. Biéu do ca sit dung tong quan ciia hé thong
Bén canh d6, backend cta hé théng dugc xay dung
dua trén API (st dung thu vién flask), st dung thu vién
imgur dé luu trir hinh anh, Tensorflow dé thuc hién cac
phép tinh toan va sir dung colaboratory ciia google dé huin
luyén dit liéu.

3.2. Trién khai thir nghi¢m va danh gid hé thong

Pé huan luyén mé hinh, nhom tac gia sir dung tap dir
liéu khuoén mat nguoi Viét tir Google Image (gom 23105
khudn mat ctia 1020 nguoi).

Dic diém cua bo dir lidu nay cac anh cia mot nguoi
duoce thu thap tai cac thoi ky, hoan canh khac nhau.

Nhom tac gia lay anh ciia 980 nguoi dé lam tap dir liéu
huén luyén mé hinh. M6 hinh duoc huén luyén voi tham sd

nhu Hinh 10 va thoi gian huén luyén mé hinh roi vao
khoang 60 phut.

140

120

100

20

o 20 40 60 80 100

Hinh 9. S6 luwong hinh anh phdn bé ciia tdp dir liéu khuén mat
nguoi Viét

agspe

Hinh 10. Tham s6 hudn luyén mé hinh

Tap dit liéu dé kiém tra bao gdm 40 ngudi v6i 874 birc
anh. Nhom tac gia st dung 574 anh dé huin luyén va
300 anh dé kiém thu (tit ca cac anh dugc diéu chinh vé kich
thudce 160x160) cho ca 2 thuat toan: Eigengaces-PCA (su
dung haar cascade dé phat hién khuon mit) va FaceNet (st
dung MTCNN dé phat hién khuon mat). Két qua thyc hién
nhén dang dugc thé hién & Béang 1.

Dit liéu thyc té tir Bang 1 cho thiy, thoi gian nhan dang
trung binh cua phuong phap Eigengaces-PCA nhanh hon
v6i phuong phap dé xuat. Tuy nhién, phuong phap nhan
dang khuon mat st dung thuat toan FaceNet va MTCNN
dé phat hién khudn mit cho két qua nhan dang chinh xac
cao hon.
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Bing 1. Két qua nhdn dang khudn mdt sir dung
Eigengaces-PCA va FaceNet

S6 | S6 |S6anh S& inn| Thoi gian
Phuwong anh | anh | nhén ~ mhan dang| Hiéu
4 A . R oA nhan < %
phap huan | kiém | dién dién.saitrung binh| suat
luyén| tra |ding | ° (giay)
Eigengaces-
PCA (haar | 574 | 300 | 262 | 38 0,27 |87,33%
cascade)
FaceNet 0
(MTCNN) 574 | 300 | 285 | 15 0,43 95%

4. Két luan

Bai bao nghién ctru xdy duyng hé thong nhan dang
khuén mit trén co s& ap dung MTCNN va thuat toan
FaceNet (sir dung khong gian Euclidean) dé phat hién va
nhén dang khuén mat, cho phép cai thién do chinh xac khi
nhan dang. Két qua thuc nghiém cho thiy, hé thong co thé
ap dung dbi v6i cac bai toan nhan dang khudn mit trong

thue té.
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